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Left ventricular Canelice during percntuneous trsaslumoal
coronary angioplasty was studied In 16 patients undergoing
the procedure. Au measurements were performed before
and during the find episode of balloon coronary 0ccuuion .
In 16 patients (Group A), data were recorded before and 30
or 50 s after balloon Inflation, and in 8 of these patients
(Group B) data were aim recorded 15 sin after the complete
procedure . Left ventrkWogramo indlea d a marked dysld.
neda of the anterior ad aplal wall In oil patients.
After balloon hdadon, there was a marked depression
In stroke Index and ejections fraction and an increase In kit
ventricular end-diastolle pressure and the time constants of
relaxation In all patients . Simultaneous recording of left
The acute changes in left ventricular function after coronary
artery ligation have been described in numerous animal
studies (1-6) . However, it is difficult to extrapolate these
results to humans who have different coronary and collateral
circulation (7) and in whom atherosclerotic coronary disease
may influence the response
.
The detection of ischemia-induced wall motion changes in
humans has been limited to observations recorded after
atria) pacing (0-10) or exercise (It) or during the
early
stage
of acute myocardial infarction (12-14) . These studies, how-
ever, were conducted 2 to 10 days after the beginning of the
symptoms and did not consider the immediate consequences
of coronary occlusion .
Percutaneous trnsluminal coronary angioplasty offers the
unique opportunity to study the sequential changes of left
ventricular function during the transient occlusion of the
vessel. As a consequence, several reports concerning the
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ventricular pressure OdNarmlcroenemekr)daft ei e
yangiogrophy permitted the assessment of myocardial and
chamber stillness. Milano there was a soon tendency
car both myocardial and chamber stlisea to Increase alter
30 to SO s of occlusion, these Increases were sadistically
Iosignl8can6
In Group B, a third ad of auglopapbfc and prorate
measurements obtained IS min alter completion of the
coronary ngioplmty procedure Indicated no residual left
ventricular dysfnction, nerda this respect, the numbs me
of added clinical Importune.
(J Aa Cdr Candid 1988;12 :341-7)
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modifications of myocardial relaxation (15) or coronary blood
flow (16,17) during percutaneous transluminal coronary
angioplasty have been published
. Furthermore, the detection
by two-dimensional
echocardiography
of acute wall motion
changes during coronary angioplasty has been described in
recent studies (18,19). However, few studies have included
the simultaneous recording of left ventsicularpreswte and Left
ventricular cineangiogams. Sigwart et al.
(20) described the
abnormalities of relaxation and segmental wall motion. Set-
nays et al . (21) reported on the time course of changes during
the transient interruption of coronary flow by the balloon
occlusion, and Wgns et al. (22) recently described the effect of
acute occlusion on left ventricular chamber stiffness.
The aim of this study was to examine the possible
changes in left ventricular diastolic and systolic function
induced by coronary balloon occlusion in patients with
single left anterior descending coronary artery disease, but
without ngiogaphic evidence of collateral circulation . If
dysfunction occurs, is left ventricular function restored to
normal levels after coronary angioplasty?
Methods
Study pad" . This study included 16 patients (15 men
and I woman) who underwent percutaneous transluminal
0735409703aga .50
3
42
	
BERTRANDRTAL.
VENTRICULAR FUNCTION DURING CORONARY ANGIOPLASTY
,t
el udel
~'
7
Flerne wlnaLr
I
s
0
coronary angioplasty of a proximal left
anterior descending
coronary artery narrowing
. All patients experienced anginal
pain on effort and had no history of previous myocardial
infarction. All had single signifcant (>75% luminal diameter
reduction) vessel disease and normal left ventricular seg-
mental wall motion . Diagnostic angiography showed no
collateral circulation filling the distal left anterior descending
coronary artery
.
Informed consent was given by all patients. The day
before the procedure, they received nifedipine (30 mg) and
aspirin (I g). No drugs except heparin (10,000 11
.1, intrave-
nously) were given on the day of the procedure .
Study protocol. An 8F pigtail Millar micromanometer
was introduced into the left ventricle from the left femoral
artery route. The guiding catheter for the angioplasty proce-
dure was introduced from a right femoral artery approach .
Left ventricular and aortic pressures were simultaneously
recorded . The first left ventricular cineangiogram was per-
formed in the 30
° right anterior oblique projection and was
obtained by injection of 0
.5 ml/kg of sodium and meglumine
amidotrizoate . Left ventricular pressures and a frame-
marker signal were recorded during cineangiography (Fig.
1)
. Fifteen minutes later, the narrowing of the left anterior
descending coronary artery was crossed and dilated with a 3
mm balloon in 13 patients and with a 3 .,' mm balloon in 3
patients. Left ventricular and aortic pressures were re-
corded, and a second left ventricular cineangiogrum was
performed during the first coronary balloon inflation . Data
were collected at 30 or 50 s after coronary occlusion in 16
patients (Group A)
. In eight of these patients (Group B), a
third ventricular cineangiogram was performed and left
ventricular and aortic pressures were recorded 15 min after
completion of the procedure . All patients had ST segment
elevation during the cororery occlusion and all had success-
ful coronary angioplasty,
Data analysis . Left ventricular and aortic pressures were
measured with a computer system (Syscomoran), and frame
JACC Val. 12. No. 2
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Figure t
. Left ventricular pressure (high and low sen-
sitivity) and the first derivative of pressure (dP/dt
before and during left anterior descending (LAD) core-
nary artery occlusion . DI and D3 = electrocaedio-
gmphic
(ECG)
leads
I and 3 . respectively.
by frame left ventricular volumes and corresponding pres-
sures were obtained simultaneously from early to end-
diastole . Left ventricular contours were detected with the
aid of a 6502 microcomputer, and left ventricular volumes
were calculated according to the area-length method and the
formula of Kennedy et al . (23) . Segmental wall motion was
measured by the radial method (24),
using a center located at
69% of a line joining the upper edge of the aorta to the left
ventricular apex in end-systole. Nine radii were obtained in
end-diastole and end-systole, and for each, segmental wall
shortening was calculated as
: segmental wall shortening =
IOOX (end-diastolic radius - end-systolic radius)/end-
diastolic radius
. Segments 1, 2, 3 and 4 were related to the
anterior wall, segments 6, 7, 8 and 9 corresponded to the
inferior wall and segment 5 was related to the apex .
Assessment of chamber and myocardial stiffness constants .
Because chamber stiffness (dPldV) depends on several fac-
tors including chamber size
(V), myocardial stiffness (B),
cavity volume/wall volume ratio (VNw) and external con-
straints, appropriate normalizations must be employed if
comparisons between ventricles are to be made.
Specifically, by curve-fitting the diastolic pressure-
volume points (F-V) from minimal pressure to end-diastole
in the forms :
P=Aeavro
;P=BVa;
we obtain
dP/(dV/Vw) = o A
e°v,vw1
= a P
and
dP/(dV/V) = p B V0 = P P,
where A, B, a and Pare curve-fitting variables. Therefore, a
(the slope of the dP/[dV/Vwl versus P relation) and Q (the
slope of the dP/,dV/V] versus P relation) may be employed
3ACC Vol. 12, Na . 2
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Table 1. Hemodynamic Data and Diastolic Function Variables in 16 Group A Patients
as indexes of chamber and myocardial stiffness, respec-
tively .
Alternative methods (25,26) are presented here for the
quastilation of global myocardial stiffness (E) and regional
myocardial stiffness (Er) with the results :
E=KDan(do)dDm)=ko
and
Er = - dPl(dMl) = 8 P,
were K is a geometric factor, h is the left ventricular wall
thickness, k, p and bare indexes of myocardial stiffness, Dm
is the midwall short-axis diameter and o- is the stress
difference. It should be emphasized here that comparisons of
chamber stiffness must he made at common levels of pres-
sure and that myocardial stiffness must
be
compared at
common levels
of
stress
.
Assessment of time constants of relaxation. The left ven-
tricular pressure tracings were digitized from the point of
peak negative first derivative of left ventricular pressure (dPl
III) to the time at which pressure decreased to 5 mm Hg
Table 2
. Hemodynamic Data and Diastolic Function Variables in Eight Group B Patients
Chamber
Stiffness Tim Constants of
myocardial Stiffness Constants Constant Relnaation(ms)
LVEDP
(mm LVEDVI LVESVI SVI
H9) (-U-') (mums) (mpms) EF(%) V. ( .4 k 8 f
_
Data (mean t SD) are presented in the control state (For) and 30 or 50 s after balloon inflation . Four patients were onitted from the paired r rest malysisfor
the myocardial and chamber stiffness consuls because of nonoverlapping stress and pressure ranges . EF = left ventricular ejection fraction : LVEDP = left
ventricularerddiaatolic pressure ; LVEDVI = left ventricular end-diastolic volume index : LVESVI = left
ventricular
end-systolic volume index; SVI = stroke
volume index; Vw = ion ventdculm wall volume: k, 8 and
9
= myocardial stiffness constants obtained tom dress-diameter, pressure-thickness and
pressure-volume relations, respectively; a = chamber stiffness constant: 7, and r„ = lime constants of left ventricular .[-it. obtained from two and three
constant curve-fits, respectively .
above end-diastolic pressure. The pressure-time (P-t) data
were then curve-fitted in the forms :
P=Ce -"n;P=a+be - r,
where rw is the time constant as evaluated by the Weiss
method (27) . The time constant (CM) evaluated on the basis
of a three constant curve fit (25) is:
IN =(Ily)log(ebl(a+b-ae)1
.
Stattstcal analysis. All data were expressed as mean m
SD. Paired t tests were employed for the 16 patients in
Group A who were studied before and after 30 or 50 s of
coronary occlusion. An analysis of variance was conducted
for the eight Group B patients (restudied 15 in after
occlusion) in whom three sequential measurements were
made and the statistical significance evaluated by the Ron
•
ferroni correction (28).
Results
No complications related to the coronary angioplasty
procedure were noted in any of the patients . Tables I and 2
5) s)
Data (am ± SD) are presented in the control state (Pre), 50 s after balloon inflation (50 s) and 15 min afterthe complete procedure (Post) . Probability up)
values based on an aeol7sis of variance refer to the 50 s stale relative to the control state (Pre) . All hemadynamic and diastolic function variables related to new
control levels 15 min none the complete procedure . Abhreviatiors as in Table I,
LVEDP
(mm LVEDVI LVESVI SYI
Initial
EF(10o) Vw(ml)
Myocardial Stiffness Constants
Chamber
Stiffness
Constant
TimeConnantsof
Relaxation (mv)
k 6
9
a ,
eHg) ImVm') (nca')
Pre 22 t 7 97 x 14 20 ± 10 68 ! 9 71 0 8 211 *- 33 4 .81 ± 1 .64 3.12 2 110
1
.32 10
.48 1
.99
2
0.71 43,4 2
5 .4 46
.1 17 .5
50s
34±8 105216
57±111
48x9
46±10 4
.8201.53 3 .47±1
.23
1.4610
.47 1
.9710.71 57.7±10
.5 59
.2!13
.2
Post
21 16 99±17
28±16 72±13 72±12
.56,e152
3.53±1,95 1 .64±0
.90
2 .13±1 .03 42,5±6A 43.9±7.3
p Value
(Pre as.
<0.01 NS ±0.005 <0 .005 <0 .m5 NS NS NS NS <0.005 <0.03
Pre 20± 8 98± 17 27 ± 8 70x12 72t6 206t44 5 .37±1 .62 3.230 1 .12 1.38±0,43 2.03±O82 45.6 t SS 47 .1 ± 7 .9
30,50s 34±8 104±14 56±14 48±11 46±10 5.6212 .51 4 .35±2 .33 1.86±0.91 2.4201.66 60.4±12 .5 60.5±12.9
p Value <1.001 NS <0 .001 <0 01 <4 .001 NS N5 NS NS <0.001 ±0 .005
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summarize the data for the hemodynamic and diastolic
function variables for both groups of patients.
Left ventricular pressures . Left ventricular end-diastolic
pressures (Tables 1 and 2) were significantly increased (p <
0
.01) at 30 or 50 s of occlusion and the magnitudes of these
increases were similar in both groups .
Segmental wall motion. The visual analysis of the left
ventricular cineangiegram during coronary occlusion clearly
demonstrated a marked dyskinesia of the anterior and apical
walls in all patients. Figures 2 and 3 show the important
modifications that occurred during total occlusion of the left
anterior descending coronary artery : occlusion for 30 or 50 s
resulted in a marked decrease in the anterior and antero-
apical wall shortening fraction with the appearance of a
systolic outward displacement .
Left ventricular
volumes and ejection fraction. Complete
occlusion of the left anterior descending coronary artery
resulted in a significant increase (p < 0 .001) in left ventricu-
lar end-systolic volume index from 27 ± 8 to 56 ± 14 ml/m2
in Group A (Table 1) and from 28 ± 10 to 57 ± 18 mUr'- in
Group N (p < 0
.005) (Table 2). Left ventricular end-diastolic
volume index was slightly (but insignificantly) increased at
30 or 50 s of occlusion, and a dramatic and significant
decrease in stroke index and ejection fraction was noted (p <
0.005). Thus, occlusion of the left anterior descending coro-
nary artery far 30 or 50 s resulted in a marked depression of
left ventricular systolic function .
Time constants of relaxation (z„ no) (Tables 1 and 2).
Occlusion of the left anterior descending coronary artery for
30 or 50 s in Group A patients resulted in important and
significant increases in Tw from 46 A 8 to 60 A 12 ms (p <
IACC Vol . 12. No . 2
August 1488:341-7
Figure 2 . Left ventricular cineangioarams before end
during coronary occlusion in end-diastole (ED) (upper
pane) and endsystole (ES) (lower panel) .
Fittore 3. Wall shortening 1%) 30 s after balloon inflation (upper
panel) and after 50 s inflation (twee pad) . Unshed lines = before
coronary occlusion ; eonlinuous lines = during coronary occlusion .
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Figure 4 . Left ventricular (LV) diastolic pressure-volume relations
in a typical patient frant each group . Upper panel. Pressure-volume
relation in a Group A patient before
(•)
and after 30 s (0) of
occlusion . Low pod, Pressure-volume relation in a Group B
patient before (S) occlusion, at 50 s of occlusion (0) and 15 min
after completion of the angioplasty procedure (0).
Note the upward
shifts in these relations after coronary occlusion. In Group B, the
pressure-volume relations return to proccluion levels 15 min after
the procedure .
O.OOI) and in rM from 47 ± 8 to 60 ± 13 ms (p < 0 .005).
Significant increases were also observed in patients in Group
B
. The time constant I. increased from 43 ± 5 to 58 2 10 ms
(p < 0
.005) and rM increased from 46 ± 8 to 59 m 13 ms (p
< 0.03), In patients in Group B, both time constants returned
to preocclusion levels 15 min after the procedure,
Chamber stiffness constant (a) . Because chamber stiff-
ness must be compared at common levels of pressure, four
patients were excluded from the statistical analysis. No
significant alterations were observed in the chamber stiffness
constant (a) after coronary occlusion at 30 or 50 s (Groups A
and B) or at 15 min (Group B) . In Group A, a increased from
2 .03 ± 0.82 to 2 .42 ± 1 .66, and in Group B, a was unaltered
(prc: 1 .99 ± 0 .71 ; 50 x:1 .97A 0.71) . Fifteen minutes after the
procedure in the Group B patients, a remained within the
preocclusion levels (2
.13 ± 1 .03) (Fig. 4).
Myocardial s cuimta to (It,
P
ad S), The myocar-
dial stiffness constants were evaluated by three different
methods, and each yielded the same qualitative results for
each group, Although there was generally a tendency for
myocardial stiffness to increase after coronary occlusion for
30 or 50 s,
these alterations were not statistically significant
.
In Group B, preocclusion levels were maintained 15 min
after the procedure. The values for these constants are
shown in Table 3
.
•
0
Discussion
Left ventricldar ablwemafBes doe to behead,. Left ven-
tricular systolic and diastolic function are markedly affected
shortly after occlusion of the left anterior descending coro-
nary artery. Stroke volume and ejection fraction decreased,
left ventricular end-diastolic pressure increased and Left
ventricular relaxation was prolonged . There was a tendency
for both chamber and myocardial stiffness to increase,
indicating a reduction in left ventricular compliance ; how-
ever, these changes were not statistically significant . Gener-
ally, these results were similar to those in previous animal
studies (1-4); however, in coronary artery occlusion exper-
iments, the pressure-segment length relation has repeatedly
been shown to move to the right . The present study involved
patients with single vessel coronary artery disease and
significant narrowing of the proximal left anterior descending
coronary artery. Thus, interruption of coronary flow induced
by transient balloon inflation during percutaneous transluml
final coronary angioplasty is a situation that completely
mimics the experimental coronary artery ligation performed
during animal studies .
The results of the present study agree, in part, qualim-
tively with those previously described (21,22), namely, 1)
there were upward shifts in the diastolie pressure-volume
relations immediately after the angioplasty procedure ; and 2)
systolic function and the time constants of relaxation re-
1ACC Vol. 12. No .2
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Table 3. Values of Myocardial Stiffness Constants for
Groups A
and B
1
32 a
k 8
9
Group A
Per 5.37 2 1 .62 3 .23 2 1 .12
1 .38 ± s.43
a • .
30.50 s 5.62 ± 7.51 4.30 2 2.33 1 .8610.94
Group B
Pee 431 2 1 .64 3.12- 1 .10 1 .32 2 0 .48
V le
∎
50 s 4.82 2 1.53 3
.47 2 1.23
1.45 2 0
.47
0
15
min 4.56 2 1.52 3.53 2 1.95
1.64--0.90
K
- a
Pre = Preocdusion .
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turned to near preocclusion levels 12 to 15 min after com-
pletion of the procedure . In contrast, these studies showed
that abnormalities in the chamber stiffness persisted 12 min
after the procedure, a result not observed in the present
study.
There may be several reasons for this disagreement
. In
the previous studies (22), pressure and angiographic mea-
surements were obtained 20 s during the second dilation and
50 s during the fourth dilation
. The interval between two
sequential angiograms was at least 10 min, and one cannot
exclude the possible influence of contrast medium in these
consecutive examinations. Moreover, immediate collateral
circulation may occur after a flat coronary artery occlusion .
In the present study, all measurements at 30 and 50 s were
done during the first balloon inflation .
Another possible explanation for these differences may
reside in the different methods employed for the assessment
of chamber stiffness. Global stiffness, and not regional
chamber stiffness, was analyzed in this study. However, the
earlier studies (22) considered variables of chamber stiffness
that were size dependent, and comparisons were not always
conducted over common pressure ranges .
Relation between ventricular asynergy and diastolic fune .
tion . After 30 or 50 s of coronary artery occlusion, left
ventricular systolic function is dramatically depressed with a
marked decrease of the ejection fraction because of an
increase in end-systolic volume. This is clearly related to the
large ischemic area as demonstrated by the depression of
wall motion shortening, which specifically affected the ante-
rior and apical segments. In both groups, a systolic outward
displacement of the ischemic segment was observed . Ser-
toys of al. (21) showed that the moment of maximal wall
displacement for the anterior wall shifted from end-systole to
early diastole . This late systolic outward displacement of the
ischemic segment is probably passive and could be due to
the increased inward displacement of the nonischemic seg-
ments . This is similar to the results obtained byTyberg et al
.
(30), who described the relation between transient asynergy,
myocardial ischemia and alteration in the time course of
relaxation, and observed that the prolongation of this vari-
able was seen only on reoxygenation . In human patients, the
prolongation of time constant of the early relaxation phase is
the earliest hemodynamic marker of myocardial ischemia . In
both our groups of patients, marked increases were observed
in the time constants of relaxation (w,
vat) . By a careful
analysis of the left ventricular cineangiogram, Serruys et al
.
(21) showed that these changes accompanied a biphasic wall
displacement of the ischemic area after aortic valve closure .
The deformation occurring in the ascending limb of the
negative dP/dt tracing (Fig. I) occurred simultaneously with
the beginning of the second wave of inward displacement . It
should be noted that after 50 s of occlusion, the time
constant is not significantly different from the preocclusion
JACC Vat. 12, No . 2
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values, and generally the deformation of peak negative dP/dt
disappeared .
Indexes of chamber and myocardial stiffness. Indexes of
chamber and myocardial stiffness employed in this study are
dimensionless and, therefore, are more appropriate for com-
parison purposes . This has generally not been the case in
most previous studies relating to the assessment of chamber
stiffness in particular
. This fact, in addition to the depen-
dence of chamber stiffness on a number of important factors
(25,29), is the main reason for the difficulty in developing
useful and sensitive indexes of chamber and wall stiffness
that can be applied in the clinical setting .
Although three approaches were employed here for the
assessment of myocardial stiffness, these indexes also have
their limitations. The stiffness constants k and is describe
global stiffness, and may not be valid in cases of segmental
disease as considered in the present study . On the other
hand, the radial stiffness constant 8 does more closely
represent a regional stiffness variable. However, the possi-
bility exists that pericardial pressure may have been elevated
during these procedures and was not accounted for in these
or the earlier studies (21,22)
. Thus, future studies should
include measurements of right atrial pressures
(31), enabling
one to consider, in a semiquantitative manner, these peri.
carnal effects .
Clinical Implications. The results of the present studies
and those of others (21,22) have important clinical implica-
tions since changes in left ventricular systolic and diastolic
function were observed as early as 30 or 50 s after coronary
artery occlusion . Generally, diastolic variables returned to
preocclusion values ; however, there may be a subset of
patients in whom dysfunction persists after completion of
the coronary angioplasty procedure. Many more studies
need to be conducted and more sophisticated methods for
analyzing chamber and myocardial stiffness need to be
developed along the lines described by Pasipoularides et al
.
(32).
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